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Corispermum macrocarpum, Setaria viridis and Agriophyllum squarrosum are dominant 
psammophytes with strong environmental adaptability in Horqin Sandy Land, a typical agro-pastoral 
ecotone with frequent and intense sand activity in Northern China. We studied the survival rates, 
activity of antioxidant enzyme (superoxide dismutase, peroxidase and catalase), content of osmotic 
substances (soluble sugar, soluble protein and proline), and extent of lipid peroxidation and membrane 
permeability of the three psammophytes under ten treatments of sand burial with different depths to 
understand the effects of burial stress on survival and physiology of these species. The results show 
that A. squarrosum had the strongest adaptability to sand burial with the highest survival rate in all 
treatments except treatment C (buried to 3/4 of seedling height), compared to the other two species. 
The role of different enzymes varied among the three psammophytes. Peroxidase plays a protective 
role in scavenging reactive oxygen species of all three psammophytes. Superoxide dismutase and 
catalase are effective in A. squarrosum and S. viridis, C. macrocarpum and S. viridis, respectively. The 
osmotic substances also increased to keep Malondialdehydeand Relative electrolyte leakage at a low 
level (except the soluble protein content of A. squarrosum and S. viridis). However, because stress 
increased consistently in this study due to the enhanced level of sand burial depth, the antioxidant 
enzyme system and osmotic substances were not able to repair the damage leading to death of the 
plants. 
  
Key words: Sand burial, psammophytes, survival rate, lipid peroxidation, membrane permeability, antioxidant 
enzyme activity, osmotic substances. 

 

 

INTRODUCTION 
 
Over 1.68 million km

2
 or 17.6% of total land area of China 

has experienced severe degradation, or desertification 
(Wang, 2008). In Northern China,  where  the  majority  of  
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Abbreviations: CAT, Catalase; EDTA, ethylene 
diaminetetraacetic acid; FW, fresh weight; MDA, 
malondialdehyde; POD, peroxidase; PVP, polyvinyl-pyrrolidone; 
REL, relative electrolyte leakage; ROS, reactive oxygen 
species, SOD, superoxide dismutase.  

the impact has occurred, large areas of natural grassland 
and farmland have experienced significant wind erosion. 
Roads, water conservation facilities, and essential 
communication networks are buried and destructed by 
sand. The direct economic losses amounted to 50 billion 
yuan annually (Ci and Liu, 2000). Horqin Sandy Land 
located in a typical agro-pastoral transitional area with 
frequent wind sand activities in Northern China. Burial of 
plants by sand is a common phenomenon in this area 
(Liu et al., 1992).  

In Horqin Sandy Land, Corispermum macrocarpum, 
Setaria viridis and  Agriophyllum  squarrosum  are  impor- 



 
 
 
 
tant annual  species  due  to  their  strong  adaptability  in 
sand land habitats, and these annuals play important 
roles in different desertification restoration stages. A. 
squarrosum is a dominant psammophyte in mobile 
dunes, C. macrocarpum is a common species in semi-
mobile dunes, and S. viridis is a common species in fixed 
dunes. All three, however, are susceptible to stress 
caused by sand burial (Luo et al., 2009).  

Numerous studies have been conducted on the stress 
tolerance of plants experiencing drought (Luo et al., 
2011), freezing (Yoshida et al., 1997), water deficit 
(Qayyum et al., 2011), and the impact of salt (Chen et al., 
2011; Bybordi, 2011). Those studies which focused on 
physiology have shown that when plants are subjected to 
these harmful stresses, reactive oxygen species (ROS) 
which induce lipid peroxidation, membrane injuries, 
protein degradation and enzyme inactivation will be 
accumulated and then cause cell death (Yoshida et al., 
1997; Zhou and Zhao, 2004; Luo et al., 2011). Research 
on the relationship between sand burial and plant survival 
has primarily been concentrated on how seed 
germination and seedling emergence were affected. 
While sand burial can have a significant effect on seed 
germination, different species respond differently, 
depending on seed size. Generally, seed germination and 
seedling emergence are greater for large seeds due to 
more energy reserves (Zhang and Maun, 1990; 
Benvenuti et al., 2001). In addition, species from the 
habitats with lighter burial had smaller survival rate than 
those from the habitats with intensive burial when buried 
under same depth (Liu et al., 2008). Research on the 
effects of sand burial on growth of older plants suggests 
that mor-phology, growth and reproduction may show 
some plasticity when psammophytes are buried under 
sand (Manu, 1996; Harris and Davy, 1987; Luo et al., 
2009). Moderate sand burial can change the distribution 
of matter and energy in plants and is conducive to growth 
and reproduction of plants (Liu et al., 2008). Some plants 
adapt to sand burial stress by generating adventitious 
roots (Sykes and Wilson, 1990; Shi et al., 2004; Harris 
and Davy, 1988). However, there is little information 
about effect of sand burial on the physiological charac-
teristics of psammophytes. Moreover, the resistant ability 
of plants to stress is closely related to their physiological 
characteristics such as antioxidant enzymes activities 
and osmotic adjustment substances (Tan et al., 2006). 

Impacts of sand burial depth on survival, antioxidant 
enzymes activities, lipid peroxidation and osmotic 
adjustment substance of three dominant psammophytes 
in Horqin Sandy Land were investigated experimentally in 
order to determine (1) the adaptability of three psam-
mophytes to sand burial; (2) the effects of sand burial on 
lipid peroxidation and membrane permeability of these 
psammophytes; and (3) the protective role of antioxidant 
enzymes system (SOD, POD and CAT) and osmotic 
adjustment substances (soluble sugar, proline and soluble 
protein) among three psammophytes under sand burial 
stress. We tested two hypotheses that (1) A squarrosum 
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from   mobile    dune   habitat   with   intensive  burial  has  
higher survival rate than the other two species from semi-
mobile dune habitat; (2) activity of SOD, POD and CAT 
and content of osmotic substances (soluble sugar, proline 
and soluble protein) increase play a protective role when 
psammophytes were buried.  
 
 

MATERIALS AND METHODS 
 

Study area 
 

The study area was located in Naiman county (42°55′ N, 120°42′ E; 
altitude approx. 360 m), which is located in the southwestern part of 
Horqin Sandy Land, Inner Mongolia, China. Pressures related to 
grazing, cultivation and collection of fuelwood have made this area 
one of the most severely desertified regions of China. The climate is 
temperate, semi-arid continental and monsoonal. The annual 
precipitation is about 360 mm, with 75% of the precipitation in the 
growing season of June to September. The mean annual 
temperature is 6.4°C, and the mean annual pan-evaporation is 
1935 mm. The mean annual wind velocity ranges from 3.2 to 4.1 m 

s
-1

, the dominant winds are southwest to south in summer and 
autumn and northwest in winter and spring. Wind erosion often 
occurs from April to mid-June before the rainy season begins. 

The distribution pattern of main natural vegetation is 
characterized by a mosaic of lowland grassland, fixed dune, semi-
fixed, semi-mobile dunes and mobile dune. The dunes tend to be 
covered at varying levels with native plants, generally dominated by 
psammophytes including some grasses (example, Setaria viridis L., 

Ixetis denticulate L., Cleistogenes squarrosa L., Corispermum 

macrocarpum L., Digitaria ciliaris L.), forbs (example, Salsola collina 
L., Agriophyllum squarrosum L.) and shrubs (for example, 
Caragana microphylla L., Lespedeza davurica L., Salix gordejevii L. 
Artemisia halodendron L.) (Luo et al., 2010). 
 
 

Experimental design  
 

This experiment was conducted from April to May in 2010, the time 
of year that plants are frequently buried by deposited sand in 
Horqin Sandy Land. In April, seeds of three dominant 
psammophytes, C. macrocarpum, S. viridis and A. squarrosum 
were separately sown in cement pools of 1×1×1 m

3
, filled with sand 

from a mobile dune. After germination, we thinned out seedlings to 
avoid death due to competition. 75 seedlings having the similar 
growth were left and marked in each cement pool. Seedlings were 
kept vertical after thinning, and the average height for the seedlings 
is 6.0 ± 0.2 cm. There were nine buried treatments: buried to 1/4 
(A), 1/2 (B), 3/4 (C), 4/4 (D) of seedling height and 2 cm (E), 4 cm 
(F), 6 cm (G), 8 cm (H), 10 cm (I) above seedling height, and one 
control treatment (CK, no burial). For each species, every treatment 
consisted of four replicates, and there were 120 cement pools in 
total. Unmarked seedlings that emerged after sand burial were 
removed, no additional water or fertilizer was added at any time 
during the experiment in order to keep the soil condition as close to 

natural conditions as possible. After 20 days of sand burial, live 
seedlings were counted (to document survival rates) and leaves 
from 10 seedlings were sampled randomly in each treatment to 
measure enzyme activity (SOD, POD and CAT), lipid peroxidation 
and membrane permeability (measured in terms of MDA content 
and REL), and content of osmotic substances (soluble sugar, 
soluble protein and proline). 
 
 

Analytical methods 
 

For survival rates, the number of live seedlings in each treatment 
was recorded after the experiment.  For  physiological indices,  only  
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TABLE 1. ANOVA RESULTS ON EFFECTS OF DIFFERENT SAND BURIAL TREATMENTS ON SURVIVAL RATES OF 

THREE PSAMMOPHYTES. 
 

Sand burial  

treatment 

Survival rate (%) 

S. viridis C.macrocarpum A. squarrosum 

CK 37.00 ± 9.82aA 52.00 ± 15.59abA 63.00 ± 6.04aA 

A 76.00 ± 20.78aA 66.00 ± 7.90aA 85.00 ± 4.52aA 

B 58.33 ± 0.88aA 27.00 ± 13.78abA 54.33 ± 4.17abA 

C 59.00 ± 3.86aA 8.67 ± 2.93bB 54.41 ± 6.52aA 

D 0bA 0cA 56.00 ± 15.44aB 

E 0bA 0cA 45.67 ± 9.28aB 

F 0bA 0cA 44.33 ± 1.81aB 

G 0bA 0cA 19.33 ± 4.41cB 

H 0bA 0cA 19.67 ± 6.54cB 

I 0bA 0cA 9.00 ± 2.70cB 

F value 1.83 5.03 3.18 

P 0.282 0.076 0.043 
 

CK: (CONTROL TREATMENT, NO BURIAL). A: BURIED TO 1/4 OF SEEDLING HEIGHT. B: BURIED TO 1/2 OF SEEDLING 

HEIGHT. C: BURIED TO 3/4 OF SEEDLING HEIGHT. D: BURIED TO 100% OF SEEDLING HEIGHT. E: BURIED TO 2 CM 

ABOVE SEEDLING HEIGHT. F: BURIED TO 4 CM ABOVE SEEDLING HEIGHT. G: BURIED TO 6 CM ABOVE SEEDLING 

HEIGHT. H: BURIED TO 8 CM ABOVE SEEDLING HEIGHT. I: BURIED TO 10 CM ABOVE SEEDLING HEIGHT. N=4 (EVERY 

TREATMENT CONSISTED OF FOUR REPLICATES FOR EACH SPECIES, AND 75 SEEDLINGS WERE LEFT IN EACH 

REPLICATES BEFORE BURIED). VALUES WERE ASSIGNED AS MEAN ± SE. MEAN VALUES WITH DIFFERENT LOWER 

CASE LETTERS IN THE SAME COLUMN ARE SIGNIFICANTLY DIFFERENT AMONG THE DIFFERENT SAND BURIAL DEPTHS. 
MEAN VALUES WITH DIFFERENT UPPER CASE LETTERS IN THE SAME ROW ARE SIGNIFICANTLY DIFFERENT AMONG 

THE THREE KINDS OF PSAMMOPHYTES (P < 0.05, LSD TEST). 

 
 
 

seedlings that survived the burial treatment were measured. In 
treatments D through I, all seedlings of C. macrocarpum and S. 

viridis were dead, thus no physiological data were recorded for 
these treatments of these two species.  

Enzymes were extracted from 1 g of leaf material using mortar 

and pestle with 5 ml of an ice-cold medium containing 50 mM 
potassium phosphate buffer (pH 7.8), 0.1 mM EDTA, and 2% (w/v) 
PVP. The homogenate was centrifuged at 15,000 g for 20 min and 
supernatants were used for protein content determination, or 
otherwise stored at 4°C for further analyses. SOD activity was 
determined with the method of Beauchamp and Fridovich, (1971). 
POD activity was determined spectrophotometrically by measuring 
the oxidation of methyl catechol at 470 nm (Srivastava and 
Huystee, 1973). CAT activity was measured spectrophotometrically 
using the method of Aebi (1974).  

MDA content was measured using the method described by 
Hernandez and Almansa, (2002). Membrane permeability was 
estimated by measuring the leakage of electrolytes (conductivity) 
according to Shanahan et al. (1990). Soluble sugar was extracted 
and analyzed according to the method of Moing et al. (1992). 
Proline content was determined as described by Bates et al. (1973). 
Soluble protein content was determined using the method of 

Bradford (1976). All physiological measurements were carried out 
at 0 to 4°C 
 
 
Statistical analysis 
 

Data were analyzed and summarized using Microsoft Excel and 
Origin 8.0 software. Values were presented as mean ± SE. The 

significant differences between different treatments and species 
were determined through one-way and two-way analysis of 
variance (ANOVA) procedure. The Fisher’s least significant 

difference (P < 0.05, LSD test) was performed to compare the 
differences among mean values. 
 
 

RESULTS 
 

Effects of sand burial on survival rates 
 

We found that for all species, the highest survival rates 
occurred in treatment A, and S. viridis, C. macrocarpum, 
A. squarrosum seedlings were 39, 14 and 22% higher 
than CK, respectively (Table 1). However, the difference 
was not significant. Survival rates decreased gradually 
with an increase in the depth of sand burial. Although, 
moderate burial did not affect survival of C. macrocarpum 
and S. viridis seedlings, no seedlings survived when they 
were buried completely (treatment D). A. squarrosum 
seedlings showed a very strong ability to endure sand 
burial stress. However, its survival rate was significantly 
reduced to 19.33% when the burial depth was increased 
to the treatment G level, declining sharply to 9% in 
treatment I.  

The difference among survival rates of three species 
was not significant, except C. macrocarpum seedling in 
treatment C was significantly lower (Table 1). However, 
the survival rate of A. squarrosum seedling was the 
highest among the three species in all treatments except 
treatments B and C. When not buried by sand, the 
survival rate of C. macrocarpum seedling was higher than  
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Figure 1. Effects of different sand burial depth on lipid peroxidation (a) and membrane permeability (b) in 

three psammophytes. CK: (Control treatment, no burial). A: Buried to 1/4 of seedling height. B: Buried to 
1/2 of seedling height. C: Buried to 3/4 of seedling height. D: Buried to 100% of seedling height. E: Buried 
to 2 cm above seedling height. F: Buried to 4 cm above seedling height. G: Buried to 6 cm above 
seedling height. H: Buried to 8 cm above seedling height. I: Buried to 10 cm above seedling height. 
Values were assigned as mean ± SE. No seedlings of C. macrocarpum and S. viridis survived after the 

burial depth beyond treatment C. 
 
 

 

that of S. viridis seedling. However, S. viridis seedling 
survived more than C. macrocarpum seedling under sand 
burial treatments. 
 
 

Effects of sand burial on lipid peroxidation and 
membrane permeability 
 

MDA 
 

The MDA content of the three species after 20 days 
buried by sand is depicted in Figure 1-a. MDA content of 
S. viridis was higher than C. macrocarpum in CK and 
treatment A. However, the situation was reverse in 
treatment B and C. The difference between CK and 

plants buried by sand of these two species were not 
significant (P > 0.05). On the other hand, MDA content of 
A. squarrosum was the highest among three species and 
it increased significantly when the burial depth reached 
the level of treatment F.  
 
 
REL 
 

The REL of the three species after 20 days buried by 
sand is depicted in Figure 1b. REL of S. viridis was lower 
than C. macrocarpum in CK, treatment A and treatment 
B. However, the situation was reverse in treatment C. 
The difference between CK and plants buried by  sand  of  
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Figure 2. Effects of different sand burial depth on SOD (a), POD (b) and CAT (C) activities in three 

psammophytes. CK: (Control treatment, no burial). A: buried to 1/4 of seedling height. B: Buried to 1/2 of 
seedling height. C: Buried to 3/4 of seedling height. D: Buried to 100% of seedling height. E: Buried to 2 cm 
above seedling height. F: Buried to 4 cm above seedling height. G: Buried to 6 cm above seedling height. H: 
Buried to 8 cm above seedling height. I: Buried to 10 cm above seedling height. Values were assigned as mean 

± SE. No seedlings of C. macrocarpum and S. viridis survived after the burial depth beyond treatment C. 
 

 
 

these two species was not significant (P > 0.05). Similar 
to MDA content, REL of A. squarrosum was the highest 
one among the three species and increased significantly 
when the burial depth reached the level of treatment C. 
Compared to CK, its value significantly increased by 
140% in treatment I. (P < 0.05).  

Effects of sand burial on antioxidant enzyme activity  
 
SOD 
 
The SOD activity of the three species after 20 days 
buried by sand is shown in Figure 2-a. S. viridis showed a  
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Figure 2. Contd. 

 

 
 

significant increase in SOD activity with increasing depth 
of sand burial. The maximum value appeared in treat-
ment B, and increased by 49% when compared with CK. 
Then it decreased sharply when the burial depth reached 
over 50% of the seedling height (P < 0.05). C. 
macrocarpum exhibited a continuing decline in SOD 
activity with increasing depth of sand burial. The SOD 
activity in treatment C was just about 1/3 of that in CK, a 
significant difference (P < 0.05). The SOD activity of C. 
macrocarpum was the lowest among the three species 
after sand burial treatment. Change of SOD activity of A. 
squarrosum was similar to S. viridis, increasing with a low 
level of burial depth and then decreasing gradually with 
increasing burial depths. The maximum and minimum 
value appeared in treatment D and treatment I, 
respectively. The difference between CK and plants 
buried by sand was significant when burial depth reached 
the level of treatment B of A. squarrosum (P < 0.05). 
 
 

POD 
 
Figure 2-b shows the effects of increasing level of sand 
burial depth on POD activity of the three species. The 
variation tendency of S. viridis and C. macrocarpum is 
similar, increasing when the sand depth was shallow and 
decrea-sing when burial depth increased. The POD 
activity of C. macrocarpum was the lowest among the 
three species whether it was exposed to sand burial 
stress or not. The change of POD in A. squarrosum along 
the burial depth, on the other hand, showed a different 
trend. Unlike S. viridis and C. macrocarpum, it decreased 
with increasing burial depth initially, but increased after 
the burial depth reached the level of treatment B, peaking 

at the level in treatment E. Compared to CK, it was 
increased by 70.7%. Afterwards, it decreased again with 
increasing depth of sand burial. 
 
 
CAT 
 
There was a significant difference of CAT activity in 
response to sand burial for the three species (Figure 2-c). 
CAT activity of S. viridis showed an increasing-
decreasing-increasing change following with the increase 
in depth of sand burial, and its value was at a minimum 
regardless of buried by sand among the three species. 
An increasing-stable-decreasing changing tendency was 
found in C. macrocarpum. CAT activity of A. squarrosum 
showed an opposite trend, decreasing dramatically when 
burial depth was shallow and increasing slightly until the 
burial depth reached to the level of treatment E level. 
There were significant differences between CAT activity 
of CK and buried plants of these three species (P < 0.05).   
 

 

Effects of sand burial on osmotic substances  
 
Soluble sugar 
 
Changes in soluble sugar content in S. viridis, C. 
macrocarpum and A. squarrosum are depicted in Figure 
3-a. With increasing depth of sand burial, the soluble 
sugar content of the three species initially increased and 
then decreased. The maximum values for each of the 
three species were 70.43 mg

-1
 FW of S. viridis in 

treatment A, 67.03 mg
-1

 FW of C. macrocarpum in 
treatment  B  and 1 43.87  mg

-1
  FW of A.  squarrosum  in  

 

 

 

 

 

 

S
O

D
 A

c
ti

v
it

y
 (

µ
g

-1
 F

W
) 

P
O

D
 A

c
ti

v
it

y
 (

µ
g

-1
 F

W
) 

C
A

T
 A

c
ti

v
it

y
 (

µ
g

-1
 F

W
) 



4524        Afr. J. Biotechnol. 
 
 
 

 
 
Figure 3. Effects of different sand burial depth on soluble sugar (a), soluble protein (b) and proline (c) 

content in three psammophytes. CK: (Control treatment, no burial). A: Buried to 1/4 of seedling height. B: 

Buried to 1/2 of seedling height. C: Buried to 3/4 of seedling height. D: Buried to 100% of seedling height. 
E: Buried to 2 cm above seedling height. F: Buried to 4 cm above seedling height. G: Buried to 6 cm above 
seedling height. H: Buried to 8 cm above seedling height. I: Buried to 10 cm above seedling height. Values 
were assigned as mean ± SE. No seedlings of C. macrocarpum and S. viridis survived after the burial depth 
beyond treatment C. 

 

 
 

treatment E. Compared with CK, they increased by 40.3, 
49.7 and 265.8%. The soluble sugar content of A. 
squarrosum increased substantially (146.4%) from 
treatment D to treatment E.  
 
 
Soluble protein 
 
The soluble protein content of the three species was 

measured on the 20th day after exposure to the sand 
burial treatment (Figure 3-b). Same content of soluble 

protein was detected in no sand burial stress (CK) of S. 
viridis and C. macrocarpum, although their trends were 
opposing after the seedlings were buried by sand. Sand 
burial treatment had negative effect on the soluble protein 
content of S. viridis and a positive effect on C. 
macrocarpum. Soluble protein content of A. squarrosum 
decreased before the burial depth reached the level of 
treatment D, and then increased gradually with increasing 
of sand burial depth. There were significant differences 
between soluble protein content of CK and buried plants 
of these three species (P < 0.05). 
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Figure 3. Contd. 

 
 
 

Proline 
 
Changes in proline content in S. viridis, C. macrocarpum 
and A. squarrosum after exposure to the sand burial are 
depicted in Figure 3-c. Similar with soluble sugar, with 
increasing level of sand burial depth, the proline content 
of these three species were increased firstly and then 
decreased. The maximum value of S. viridis and C. 
macrocarpum emerged in treatment A, reached to 1.545 
µg

-1 
FW and 1.105 µg

-1 
FW, respectively. Compared with 

CK, they increased by 51 and 59%. The maximum value 
of proline content of A. squarrosum was 1.970 µg

-1 
FW 

appearing in treatment D, compared with CK, increased 
by 227%. Unlike the other two species, no significant 
differences of proline content were observed between CK 
and the buried C. macrocarpum. 
 
 
DISCUSSION 
 
Effects of sand burial on survival of three 
psammophytes 
 
Sand burial is a very complex process which alters all 
aspects of survival conditions of plants, such as soil 
temperature, soil moisture, bulk density, nutrient status, 
soil pH and oxygen levels, and it acts as a filter that 
eliminates species when burial exceeds their threshold of 
survival (Poulson, 1999). The Horqin Sandy Land region 
in China is highly susceptible to wind-blown sand and an 
average time affected by strong wind as high as 47 d 
every year (Huang et al., 2007). S. viridis, C. 
macrocarpum and A. squarrosum play important roles in 
a variety of sand dune restoration efforts in Horqin Sandy 

Land (Luo et al., 2009). Sand movement can increase the 
vulnerability of psammophytes by burying their seeds, 
seedlings and adult plants (Maun and Riach, 1981). 
Nevertheless, several studies have indicated that many 
sand dune species can adapt well to sand burial stress, 
and these species may actually require burial in sand to 
maintain high vigor, as short-term and relatively shallow 
sand burial may promote plant growth (Van, 1993; Olson, 
1958). However, each species has an upper threshold 
limit above which it is unable to survive the burial stress: 
deep burial is ultimately fatal to seedlings because it 
creates a physical barrier for vertical growth, reduces the 
photosynthetic area, and limits oxygen availability to roots 
(Harris and Davy, 1988; Maun, 1994). For example, 
Sykes and Wilson (1990) reported that only a few species 
survived complete burial in sand but all species survived 
partial burial to 66 % of their height. In our study, similar 
results were observed. Shallow burial had positive effects 
on survival rates, and seedlings buried to 1/4 of seedling 
height (treatment A) had the maximum survival rates in 
all the three species we studied. This may be due to an 
increase in the amount of soil moisture and a decrease in 
soil temperature in the root zone corresponding to 
increased soil depth (Shi et al.,2004), as dry soil 
conditions and high temperatures are major factors 
limiting plant growth in arid regions (Niu et al., 2003). 
Furthermore, Sand burial can provide extra nutrient to 
plants, it is favorable for plant growth (Poulson, 1999). 
Deeper burial, however, is fatal to the psammophytes in 
Horqin Sandy Land, which can be explained by more 
limited access to oxygen and more limited potential for 
photosynthesis under conditions of complete burial (Kurz, 
1939; Shi et al., 2004). The upper threshold limit of S. 
viridis and C. macrocarpum is complete burial.  Seedlings  
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of A. squarrosum can withstand the stress much further 
along the sand burial gradient, and there were still 9% of 
A. squarrosum seedlings remained alive even after the 
burial depth reached 10 cm higher than seedling height. 
This may explain why A. squarrosum is a pioneer plant of 
mobile dunes. A. squarrosum suffers sand burial stress 
more frequently compared to the other two species, and 
thus tolerance to burial seems to be a requisite for its 
survival (Zhang et al., 2005). During this experiment, A. 
squarrosum continued to grow after burial to rapidly 
recover lost leaf area, which helped the seedlings 
maintain photosynthetic tissue. Further investigation 
should be conducted to determine the upper limit of the 
capacity of A. squarrosum seedlings to endure sand 
burial stress. 
 
 
Effects of sand burial on physiology of three 
psammophytes 
 

The extent of lipid peroxidation, indicated by MDA, is 
related to the levels of antioxidant activity in plant cells 
(Demiral and Turkan, 2005). MDA content of A. 
squarrosum and C. macrocarpum remained at lower 
levels under more limited sand burial depths, and then 
increased after the sand burial depth extended the level 
of treatment E and A, respectively suggesting that the cell 
membranes were not damaged because antioxidant 
enzyme system of these species was effective when the 
burial depth was shallow. However, the extent of lipid 
peroxidation in both species are very serious due to the 
protective role of antioxidant enzyme system of have 
been less effective. It is agreed with the changes of SOD, 
POD and CAT. Concerning S. viridis, the content of MDA 
was lower in the sand burial treatments than CK, which 
indicates a greater protection from oxidative damage. 
This may result from a more efficient anti-oxidative 
system, consistent with the results that SOD, POD and 
CAT all play protective role in S. viridis. 

Relative electrolyte leakage indicates the extent of 
membrane permeability (Bai et al., 2006), REL increased 
with the increasing of sand burial depth in A. squarrosum 
and S. viridis, while it decreased in C. macrocarpum. In 
addition, both the highest MDA content and REL were 
found in A. squarrosum, showing that A. squarrosum was 
subjected to more oxidative damage than the other two 
species after being buried by sand, which may have 
stimulated an increase in the activities of various 
antioxidant enzymes such as SOD, CAT, and POD as a 
survival mechanism in response to the burial stress 
(Asada, 1999).Higher plants have a wide range of 
defensive mechanism systems that help them adapt 
various environmental stresses (Yu and Tang, 2004; 
Chaves et al., 2003). SOD, POD and CAT are common 
and important indices for evaluating the anti-oxidative 
ability of plants, an aspect of their capability to resist 
stress (Saba et al., 2001; Dhanda et al., 2004). Many 
researchers have found that when exposed to stress, the  

 
 
 
 
enzyme activities of plants rapidly increased improving 
the antioxidant capacity of the cells and inhibiting ROS 
formation (Gao et al., 2008; Liu et al., 2010). 

SOD catalyzes the dismutation of O
2-

 to H2O2 and O2 
(McCord and Fridovich, 1969; Monk et al., 1989; Zhang 
et al., 2004). Theoretically, high SOD activity indicates 
low membrane lipid peroxidation because SOD is the first 
line of defense against lipid membrane damages caused 
by ROS (Mittler, 2002). In our study, SOD activity of A. 
squarrosum and S. viridis showed a positive response to 
the increase in sand burial depth. However, SOD activity 
decreased sharply when the burial depth of A. 
squarrosum and S. viridis extended beyond 100% of 
seedling height (treatment D) and 1/2 of seedling height 
(treatment B), respectively. This suggests that after sand 
burial, the SOD activity of these two species increased to 
improve the antioxidant capacity of the cells and inhibit 
ROS formation. However, the enhanced SOD activity 
was unable to repair ROS-induced damage with 
increased burial depth. Other researchers have also 
reported that the protective ability of enzymes is limited in 
higher plants (Sunita et al., 2008). In terms of C. 
macrocarpum, SOD activity decreased gradually with 
increased sand burial depth, indicating it not play a 
protective role against sand burial stress. 

POD can catalyze H2O2 and ROOH· into H2O and R-
OH, a mechanism to avoid cell damage (Liu et al., 2010), 
and it played a protective role in response to sand burial 
stress in all these three species studied. In terms of C. 
macrocarpum and S. viridis, POD activity showed a 
positive response to the increase in sand burial depth 
initially, and then decreased when the burial depth 
reached 3/4 of seedling height (treatment C). In terms of 
A. squarrosum, POD activity did not respond when the 
burial depth was shallow, and when the burial depth 
extended beyond 2 cm above seedling height (treatment 
E), its protective ability to cell damage was reduced. This 
suggests that POD is an effective antioxidant enzyme 
which can play a protective role against sand burial 
stress in all the species studied. However, similar to 
SOD, its protective ability is also limited.   After exposure 
to a stressful environment, H2O2 can be converted to HO 
impairing the electron transport chain in chloroplasts and 
mitochondria (Jiménez et al., 1997; Meneguzzo et al., 
1998), lipid peroxidation (Quartacci et al., 1995; Navari-
Izzo et al., 1996), protein denaturation (Baccio et al., 
2004) and DNA damage (Conte et al., 1996). Fortunately, 
CAT can effectively remedy those damages by 
quenching H2O2 in higher plants. It played a protective 
role in C. macrocarpum and S. viridis in our study. The 
peak value of CAT activity occurred in treatment A (burial 
at 1/4 of seedling height) for these two species. However, 
CAT did not play a protective role in A. squarrosum, as it 
decreased continuously with the increasing sand burial 
depth. Gao et al. (2008)’s study on Alternanthera 
philoxeroides and Oryza sativa subjected to drought 
stress showed that different psammophytes responded to 
stress differently  in  terms  of  the   enzyme   activities  of 



 
 
 
 
POD, SOD and CAT. We also found that SOD, POD and 
CAT alone have a limited contribution to tolerance of 
sand burial stress, and their protective role in different 
species is not same. POD is a protective enzyme of all 
the three species, SOD plays a protective role in A. 
squarrosum and S. viridis, and CAT has a protective 
effect in C. macrocarpum and S. viridis.   

The function of proline as an osmoprotectant under 
stress has been widely reported. It can stimulate the CAT 
and SOD activity to scavenge ROS which may damage 
the membrane (Parida et al., 2008; Taschler et al., 2004). 
In our study, the accumulation of proline of A. 
squarrosum and S. viridis increased dramatically with 
increasing of burial depth, and then decreased gradually 
when the burial stress became serious. This observation 
is similar with the results reported by Delauney and 
Verma (1993) who found that the increase of proline may 
allow plants to overcome stress and to enhance their 
ability of survival and tolerance under harmful conditions. 
However, the contribution of proline to stress resistance 
is limited (Wang et al., 2005), which may explain why 
proline levels in A. squarrosum and S. viridis decreased 
at more extreme burial depths.  

In terms of A. squarrosum and S. viridis in our study, 
soluble protein content decreased at shallow burial 
depths and then increased, however, the value in all 
burial treatments was lower than in the control plants. 
The situation is the opposite for C. macrocarpum. This is 
evidence that the effects of stress on soluble protein are 
different in different species. Some researchers have 
reported that soluble protein content is induced strongly 
by environmental stress in order to protect plants from 
further dehydration (Jiang and Huang, 2002; Han and 
Kermode, 1996). On other hand, drought-induced 
decrease in soluble protein has also been reported 
(Parida et al., 2008).  

Soluble sugar is also an important osmotic substance 
in plants. It has been reported that soluble sugar content 
increases under drought, freezing, heat and saline stress 
to reduce the extent of membrane damage (Greenway 
and Munne, 1980). This was observed in our study, 
soluble sugar content increased in all three species with 
the greatest increase found in A. squarrosum. This may, 
at least in part, explain why A. squarrosum had the 
strongest ability to adapt to sand burial stress among the 
three psammophytes. 
 
 

Conclusion 
 
In conclusion, hypothesis 1 (A. squarrosum from mobile 
dune habitat with intensive burial has higher survival rate 
than the other two species from semi-mobile dune 
habitat) is supported by our results. We found that the 
survival rate of A. squarrosum seedling was greatest 
among the three species in both the control (CK, no 
burial) and all of the sand burial treatments, except for 
treatment C (buried to 3/4 of seedling height). In addition, 
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A. squarrosum seedlings were more tolerant of sand 
burial than the other two species: about 9% of the 
seedlings were able to survive even when the burial 
depth reached 10 cm higher than seedling height. 
Hypothesis 2 (Activity of enzymes and content of osmotic 
substances increase to play a protective role when 
psammophytes were buried) was partly supported. After 
exposure to sand burial stress, the enzyme activities and 
osmotic substances content of psammophytes increased 
to keep the MDA content and REL at a low level in order 
to improve antioxidant capacity and inhibit ROS 
formation. This is the reason why the psammophytes can 
survive or even grow better at moderate sand burial 
depth. However, the different enzymes worked differently 
in the different psammophytes to protect them from sand 
burial stress. POD is effective in all three psammophytes, 
while SOD and CAT played protective role in A. 
squarrosum and S. viridis, C. macrocarpum and S. viridis, 
respectively. In addition, both antioxidant enzyme 
systems and osmotic substances have a limited ability to 
help avoid plant death when the sand burial stress is 
severe. When the burial depth was moderate, MDA 
content and REL of A. squarrosum seedlings were 
maintained at a low level. However, they increased 
sharply with the burial depth increasing continually. This 
indicates that the injury of cell was very seriously as 
burial depth increased. Unexpectedly, MDA content and 
REL of C. macrocarpum and S. viridis seedlings did not 
change much in the whole experiment. For the time 
being, we do not know why these remained at a low level 
under sand burial stress. No doubt, further studies are 
needed. Our study developed an understanding of the 
tolerance of three dominant psammophytes in Horqin 
Sandy Land to sand burial. Our finding related to A. 
squarrosum, in particular, suggests its potential as a 
target sand dune stabilization species for areas suffering 
frequent sand burial (for example, mobile dune). 
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